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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezo-electricity / electrostriction membrane-type element characterized by to consider as the size which 
covers a lower electrode layer for the piezo-electricity / electrostriction film on the aforementioned lower electrode 
layer, and an edge juts out to up to the aforementioned ceramic substrate in piezo-electricity / electrostriction 
membrane-type element equipped with the ceramic substrate of thin meat, and the piezo-electricity / electrostriction 
operation section which is formed on the substrate and comes to carry out laminating formation of a lower electrode 
layer, piezo-electricity / electrostriction film, and the up electrode layer one by one 

[Claim 2] The piezo-electricity / electrostriction membrane type element according to claim 1 characterized by making 
into the aforementioned ceramic substrate and an imperfect integrated state the buckling-of-track section of the piezo- 
electricity / electrostriction film jutted out to up to the aforementioned ceramic substrate. 

[Claim 3] Piezo-electricity / electrostriction membrane type element given in either the claim 1 by which the crystal 
phase was constituted from material which makes a principal component the zirconium oxide by which perfect 
stabilization or partial stabilization was carried out when the aforementioned ceramic substrate contained at least one 
compound among a yttrium oxide, a cerium oxide, a magnesium oxide, and a calcium oxide, or the claim 2. 
[Claim 4] Piezo-electricity / electrostriction membrane type element given in either the claim 1 which consisted of 
material which makes a principal component the component which consists of the material or nickel niobic-acid lead 
with which the aforementioned piezo-electricity / electrostriction film make a principal component the component 
which consists of magnesium niobic-acid lead, lead zirconate, and a lead titanate, magnesium niobic-acid lead, lead 
zirconate, and a lead titanate, a claim 2 or the claim 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention - piezo-electricity / electrostriction membrane type element, and inside ~ 
mainly — incurvation [ type / bimorph / an ink-jet print head, a microphone, the sounding body various vibrator 
(loudspeaker etc.) or a radiator, the uni-morph type further used for a sensor etc., ] ~ it is related with the piezo- 
electricity / electrostriction membrane type element of the type made to generate a variation rate In addition, the 
element called here also means the element which performs its reverse conversion besides [ which changes electrical 
energy into mechanical energy, i.e., a mechanical variation rate, stress, or vibration ] an element. Moreover, since the 
element of this invention also has the dielectric besides piezo-electricity / electrostriction property, it can be used also 
as a film-like capacitor element etc. 
[0002] 

[Description of the Prior Art] the variation rate which adjusts the optical path length and a position to submicron order 
in fields, such as optics and precision processing, in recent years — as what it asks for the sensing element which 
detects an element and minute displacement as electric change, and responds to this Development of the piezo- 
electricity / an electrostriction element like the actuator and sensor which are an element using the variation rate based 
on the inverse piezoelectric effect and electrostrictive effect which happen when electric field are added to piezo- 
electricity / electrostriction material, such as a ferroelectric, or its reverse phenomenon is furthered. 
[0003] incurvation of the uni-morph type known from the former as structure of piezo-electricity / electrostriction 
element in the ink-jet print head etc. in such a field, a bimorph type, etc. - a variation rate - although the type is 
adopted suitably, in order to meet the demand of improvement, such as a quality of printed character, printing speed, 
etc. of a printer, development which is for attaining small densification of piezo-electricity / electrostriction element, 
formation of a low-battery operation, and high-speed response-ization is furthered Although piezo-electricity / 
electrostriction elements, such as those uni-morph types, bimorph types, etc., carry out the laminating of a lower 
electrode layer, piezo-electricity / electrostriction film, and the up electrode layer one by one and are formed on the 
ceramic substrate of thin meat Since there is a possibility that an up electrode layer and a lower electrode layer may 
connect too hastily when piezo-electricity / electrostriction film is shorter than a lower electrode layer in case an 
element is formed, piezo-electricity / electrostriction film is formed so that the edge may be in agreement with the edge 
of a lower electrode layer, and the up electrode layer is formed on it. However, since alignment very precise in this way 
in order to make in agreement the edge of piezo-electricity / electrostriction film and the edge of a lower electrode layer 
was needed, the problem was in productivity, and also the problem was in vertical inter-electrode insulating reliability. 
[0004] 

[Problem(s) to be Solved by the Invention] The place which this invention makes a technical problem does not need 
such precise alignment, but makes easy vertical inter-electrode short circuit prevention, and is to raise productivity. 
[0005] 

[Means for Solving the Problem] The summary is in having considered as the size which was developed in order that 
this invention might solve the above-mentioned technical problem, and covers a lower electrode layer for the piezo- 
electricity / electrostriction film on a lower electrode layer, and an edge juts out to up to the aforementioned ceramic 
substrate. 

[0006] Thus, although precise alignment becomes unnecessary and can aim at short circuit prevention easily by jutting 
out and forming piezo-electricity / electrostriction film in up to a ceramic substrate the crookedness which the 
buckling-of-track section and the ceramic substrate of piezo-electricity / electrostriction film combine when piezo- 
electricity / electrostriction film is heat-treated so that it may state below, and piezo-electricity / electrostriction film 
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generates, although it functions enough as an element where a variation rate or the generating force is restricted and 
combined by the bond part It is more desirable to remove the influence by combination as much as possible, in order 
for an element to pull out the property which it originally has more than enough. Therefore, this invention aims also at 
removing the influence by this combination, in order to harness enough the effect by the aforementioned short circuit 
prevention means. Below, the means for removing the influence by the cause and combination which this combination 
produces is explained. 

[0007] Drawing 1 1 is an example of the uni-morph type element which provided the aforementioned short circuit 
prevention means. They are piezo-electricity / electrostriction film (5) like illustration. Lower electrode layer (4) It 
forms so that it may cover. As a result of preventing a short circuit, they are piezo-electricity / electrostriction film (5). 
Lower electrode layer (4) Shell ceramic substrate (3) ****** e d upwards. The buckling-of-track section (1 1) and (11) 
When it is formed and the edge of each buckling-of-track section heat-treats piezo-electricity / electrostriction film, it is 
a ceramic substrate (3). A reaction, sintering, etc. are caused and it is combined ((12) and (12) are a bond part). 
[0008] since the portion which generates distortion among piezo-electricity / electrostriction film is the portion which 
receives an operation of electric field, i.e., the portion pinched by the two-electrodes film, here - the buckling-of-track 
section (11) and (11)****- distortion is not generated therefore, the portion pinched by the two electrodes - 
crookedness - since the buckling-of-track section is combined with the ceramic substrate even if it is going to discover 
a variation rate or the generating force - crookedness — a variation rate or the generating force cannot serve as a form 
restricted for a while, and the performance of element original cannot be demonstrated more than enough Especially 
when using for the ink-jet print head as which a big variation rate and big high-speed responsibility are required of an 
element, the direction with little influence by this combination is desirable. In addition, such a thing is the same also 
with a bimorph type element. 

[0009] Then, it is desirable to consider as the means which lessens influence by this combination, and to make into the 
aforementioned ceramic substrate and an imperfect integrated state the buckling-of-track section of the piezo- 
electricity / electrostriction film jutted out to up to the ceramic substrate. Here, an imperfect integrated state means the 
thing in the state which a part of buckling-of-track section combined with the ceramic substrate, or the uncombined 
state where there is no united portion. 

[0010] Moreover, when the aforementioned ceramic substrate contains at least one compound among a yttrium oxide, >a 
cerium oxide, a magnesium oxide, and a calcium oxide, it is desirable to have consisted of material to which a crystal 
phase makes a principal component the zirconium oxide by which perfect stabilization or partial stabilization was 
carried out. 

[001 1] And it is desirable to have consisted of material which makes a principal component the component which 
consists of the material or nickel niobic-acid lead with which the aforementioned piezo-electricity / electrostriction film 
make a principal component further the component which consists of magnesium niobic-acid lead, lead zirconate, and a 
lead titanate, magnesium niobic-acid lead, lead zirconate, and a lead titanate. 
[0012] 

[Function] That what is necessary is just to form piezo-electricity / electrostriction film in the size jutted out to up to a 
ceramic substrate consequently, the precise alignment of a lower electrode layer becomes unnecessary, and also short 
circuit prevention with an up electrode layer and a lower electrode layer becomes easy. 

[0013] moreover, the crookedness which piezo-electricity / electrostriction film generates by making the buckling-of- 
track section of piezo-electricity / electrostriction film into a ceramic substrate and an imperfect integrated state - the 
crookedness which it is lost that a variation rate or the generating force is restricted by the bond part, and an element 
originally has ~ a variation rate or the generating force can be demonstrated efficiently, and the aforementioned short 
circuit prevention means can be harnessed 

[0014] In addition, since piezo-electricity / electrostriction operation section is formed in the shape of a film on the 
ceramic substrate of thin meat, it can obtain a variation rate also with big low operating potential relatively. And a 
quick speed of response, the big generating force, or generating potential can be obtained. Furthermore, since a film 
formation process is used, the element which has two or more piezo-electricity / electrostriction operation sections can 
be formed that it is simultaneous and easily on the same substrate side, without using adhesives, and the high 
integration is also possible. 
[0015] 

[Example] Hereafter, it explains in detail, referring to a drawing about the piezo-electricity / electrostriction membrane 
type element of this invention. In addition, in order to make an understanding easy, it shall let each drawing pass and 
the same sign shall be given to what has the same structure and the same function. 

[0016] Drawing^ is partial explanatory drawing of the piezo-electricity / electrostriction membrane type element 
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concerning this invention (actuator), piezo-electricity / electrostriction operation section (2) Lower electrode layer (4) 
and the lower electrode layer — covering — **-ed — the piezo-electricity / electrostriction film of the shape of a film 
formed like (5) And up electrode layer (6) it forms by carrying out laminating formation one by one by the usual film 
formation technique — having — ceramic substrate (3) It is unified. (11) — piezo-electricity / electrostriction film — a 
lower electrode layer — covering — **-ed — it was formed as a result of forming like — it ****** s and is the section 
The 10 micrometers or more ((L) shows in drawing 1 (b) ) of th e 20 mic romete rs or _more_qf the_l_ength of the edge of 
the buckling-of-track section (11) are 50 micrometers or more still more preferably preferably. Thus, if the edge of 
piezo-electricity / electrostriction film is formed so that a lower electrode layer may be covered and the ****-ed 
buckling-of-track section may be formed, precise alignment with a lower electrode layer also becomes unnecessary, 
and can prevent easily the short circuit of a lower electrode layer and an up electrode layer. 
[0017] (8) the imperfect bond part by ** and this invention — the buckling-of-track section (11) and the ceramic 
substrate (3) of piezo-electricity / electrostriction film It is formed in between. Imperfect bond part (8) The edge and 
ceramic substrate (3) of the buckling-of-track section (11) It is easy to form discontinuous **** in a boundary, and the 
problem that the up electrode through this portion is disconnected by heat manufacture and in use, a shock, vibration, 
etc. arises. Resin layer (7) Such an open circuit is prevented and it is an up electrode (6). It is formed in order to lead on 
a ceramic substrate smoothly, this time — resin layer (7) Piezo-electricity / electrostriction operation section (2) 
although formed in the position which does not bar operation — uniting — as the material — crookedness — in order not 
to have a bad influence on a variation rate or the generating force, as compared with ceramic material, it is soft, and 
constituting from material of high elasticity is desirable Generally, a rubber system, a polyimide system, a vinyl 
system, acrylic, a polyamide system, a phenol system, a resorcinol system, a urea system, a melamine system, a 
polyester system, a silicone system, a furan system, a polyurethane system, an epoxy system, a polyolefine system, etc. 
are adopted. Moreover, this resin layer (7) If it is within the limits which maintains an imperfect integrated state which 
is mentioned later, they are the buckling-of-track section (11) and a ceramic substrate (3). It may be entered and formed 
in between. 

[0018] Next, an imperfect bond part is explained. First, the imperfect integrated state as used in the field of this 
application is the buckling-of-track section (11) and a ceramic substrate (3). Combination of a between is imperfect and 
they are piezo-electricity / electrostriction operation section (2). The integrated state of a grade which can demonstrate 
the performance needed enough is said. More specifically, it is 0.5 Kg/4mm2 at the Peel (lengthening and removing) 
intensity between the buckling-of-track section and a ceramic substrate. It is 0. 1 Kg/4mm2 preferably hereafter. It is 
below 0.05kg / 4mm2 (2 means an angle 2mm 4mm) still more preferably hereafter. Therefore, even if it has joined 
together partially, it is total, and if it becomes below the intensity of the aforementioned range, it will be satisfactory 
[ all the portions that the buckling-of-track section and a ceramic substrate touch do not need to be imperfect integrated 
states, and ]. 

[0019] Moreover, these imperfect bond parts use substrate material, and the piezo-electricity / electrostriction material 
which is mentioned later. It forms fundamentally only using low reactivity mutual [ these ], and also they are piezo- 
electricity / electrostriction film (5). Before forming A dummy layer is formed so that the portion to which its piezo- 
electricity / electrostriction material ****** s to a lower electrode, and touches a ceramic substrate may not be touched 
directly, it is minded, and they are piezo-electricity / electrostriction film (5). You may form. This dummy layer is 
formed with the material which burns and disappears with the piezo-electricity / electrostriction film heat treatment 
mentioned later, for example, resin material etc., and an imperfect bond part is formed after disappearance. In addition, 
dummy material functions as enough insulators after piezo-electricity / electrostriction film heat treatment, and they are 
the buckling-of-track section (11) and a ceramic substrate (3). It is able to use the material which does not burn and 
disappear completely, if [ aforementioned ] an integrated state is within the limits. 

[0020] Thus, up electrode layer of the formed element (6) And lower electrode layer (4) Voltage is impressed and they 
are piezo-electricity / electrostriction film (5). When electric field act, by the transversal effect of electric-field 
induction distortion ceramic substrate (3) incurvation of a direction perpendicular to a plate surface — a variation rate or 
the generating force — piezo-electricity / electrostriction film (5) Although it is discovered Piezo-electricity / 
electrostriction film (5) The buckling-of-track section (1 1) is a ceramic substrate (3). Since it is in an imperfect 
integrated state, they are piezo-electricity / electrostriction film (5). The incurvation displacement or the generating 
force to generate is discovered efficiently, without receiving a limit on parenchyma. 

[0021] Drawing 2 is explanatory drawing showing the example which applied the element shown in drawing 1 to the 
bimorph type element. Ceramic substrate (3) The piezo-electricity / electrostriction operation section (2), and (2) which 
were formed in both sides Each piezo-electricity / electrostriction film to form (5) The buckling-of-track section (1 1) is 
a ceramic substrate (3) as well as the element shown in drawing 1 . Since it is in an imperfect integrated state, an 
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efficient bimorph type element can be obtained. 

[0022] Drawing 3 shows the example which used the element of this invention for the substrate of the cavity 
configuration formed with the ceramic. Piezo-electricity / electrostriction operation section (2) It is the thin thick 
section (9a) and really formed, and displaces to a lack section (9b) side. This element is used suitable for an ink-jet 
print head, and extrudes the ink with which the cavity (9c) was filled up with the variation rate of an element. Even in 
this case, piezo-electricity / electrostriction film (5) Since it is in the thin thick section (9a) and an imperfect integrated 
state, the buckling-of-track section is piezo-electricity / electrostriction film (5). The incurvation displacement or the 
generating force to generate is told efficiently to the thin thick section (9a). Therefore, the big variation rate and the 
formation of a high-speed response which are required of the element applied to an ink-jet print head can be attained. 
[0023] Drawing 4 is piezo-electricity / electrostriction operation section (2). It is in the thin thick section (9a), the 
direction (9), i.e., the ceramic substrate, of the lack section (9b). It curves to a side and the change example of the 
element of this invention used as convex is shown. If this element is used, the intensity to the force received from a 
lack section side improves, and an element with the large generating force and a quick speed of response can be 
realized. It is suitable as an element used for the ink-jet print head which receives the reaction of the ink in a cavity 
especially. In addition, even when air is held in the cavity, the same effect as the above can be acquired. 
[0024] Moreover, as structure of a cavity substrate, as dra wing 5 shows, it is the thin thick section (13a). And heavy- 
gage part (13b) And pars basilaris ossis occipitalis (13c) Formed cavity (13d) You may have. Thus, by forming in 
closed-end structure, the rigidity of a ceramic substrate (13) can improve and interference with the adjoining element 
can be reduced effectively. Moreover, since the area of a pars basilaris ossis occipitalis becomes large rather than the 
element shown in drawing 4 although it is closed-end structure therefore, in case it is used combining other parts, 
reliability, such as adhesion, improves. Cavity (13d) For example, it becomes ink passage or a pressure room. 
Moreover, notch of a semicircle (13e) It becomes inflow **** of ink, and it can be used so that it may be open for free 
passage to a nozzle or an ink tank. 

[0025] Dra wing 6 is the resin layer (7) shown in drawin g 1 - drawing 5 . The element which changed arrangement is 
shown. Thus, resin layer (7) Up electrode layer (6) It can change suitably by the forming face. 

[0026] Drawing 7 is a resin layer (7) shown in drawing 6 . It replaces with and is an up electrode layer (6). The element 
using the flowing auxiliary electrode (10) is shown. Thus, it is an up electrode layer (6) like the case where a resin layer 
is used, by using an auxiliary electrode (10). An open circuit can be prevented. 

[0027] Moreover, as shown in drawing 8 , it is an up electrode layer (6). Piezo-electricity / electrostriction film (5) 
Pattern formation is carried out so that it may cover partially, and you may make it connect with an auxiliary electrode 
(10). 

[0028] Drawing 9 is an element (1) using the auxiliary electrode shown in drawing 7 . Ceramic substrate (3) The state 
where drawing 10 arranged those elements for the state where more than one were arranged upwards, in the shape of 
[ two-dimensional ] zigzag is shown, respectively. In addition, the thing of the mold cavity configuration shown in 
others, drawing 3 , plate-like drawing 4 , or plate-like drawing 5 as a ceramic substrate used for these is used suitably. 
[ thing ] Moreover, the convex thing which shows the configuration of each element to drawing 4 is used suitably. 
[0029] Next, in order to make the flash section and the ceramic substrate of piezo-electricity / electrostriction film into 
a more desirable imperfect integrated state, when a ceramic substrate contains at least one compound among a yttrium 
oxide, a cerium oxide, a magnesium oxide, and a calcium oxide, it is desirable to consist of material to which a crystal 
phase makes a principal component the zirconium oxide by which perfect stabilization or partial stabilization was 
carried out. 

[0030] And the amount of the additive for stabilizing or partial stabilizing a zirconium oxide As opposed to a yttrium 
oxide With one-mol % - 30-mol % and a cerium oxide As opposed to six-mol % - 50-mol % and a magnesium oxide, 
or a calcium oxide Although it is desirable to consider as five-mol % - 40-mol %, a yttrium oxide is received also 
especially in it. It is to a pan to consider as two-mol % - seven-mol %. It is desirable to consider as two-mol % - four- 
mol %. The zirconium oxide by which the yttrium oxide was added in those ranges is because the substrate property in 
which partial stabilization was carried out and the crystal phase was especially excellent is shown. 
[0031] next, as a gestalt of a ceramic substrate, previously the object of the shape of a veneer shown in drawing 1 or 
drawing 2 Moreover, although it has cavity structure as shown in drawing 3 , drawing 4 , or drawing 5 , since the latter 
cavity substrate can make substrate thickness of the part concerned thin, Since it is rare to interfere mutually by the 
heavy-gage part which has the piezo-electricity / electrostriction operation sections which adjoin in a side-by-side 
installation gestalt between the thin thick section and the thin thick section at the time of a variation rate or vibration, 
without reducing the intensity of an element substrate, it is used preferably. 

[0032] It is related with the size of the cavity of the substrate (9) which has such cavity structures [ like ], and (13). in 
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addition, the length of such a cavity The width of face It is desirable that they are 20 times from double precision, and, 
as for the thin thick section (9a) of a cavity substrate (9) and (13), and the piezo-electricity / electrostriction operation 
section formed in (13a), on the other hand, it is desirable to consider as 50% - 95% from the point of displacement / 
generating force of an element to the width of face of this cavity. 

[0033] Furthermore, in order to obtain the high-speed responsibility of an element, and a big variation rate about the 
thickness of the ceramic substrate of thin meat, generally it is 50 micrometers. It is 30 micrometers preferably hereafter. 
It is 10 micrometers still more preferably hereafter. It considers as the following. 

[0034] Finally, although this ceramic substrate is made into the gestalt you were made to sinter, further again 
Formation of piezo-electricity / electrostriction operation section is preceded, and it is 1000 degrees C-1800 degreeC 
beforehand. It can consider as the substrate sintered by the grade. Although you may make it sinter using the green 
sheet of substrate material after forming the piezo-electricity / electrostriction operation section by the below- 
mentioned film formation technique, moreover, in it It will be advantageously used from the substrate sintered 
beforehand being able to make the curvature of an element small, and a pattern dimensional accuracy being obtained. 
In addition, as for a cavity substrate, it is desirable from the point of high reliability to produce by calcinating and 
unifying the thin green sheet which turns into a green sheet which prepared the hole section using the machining 
methods, such as metal mold and ultrasonic machining, with the thin thick section, after carrying out 
thermocompression bonding, a laminating and. Moreover, although sintering acids, such as clay, may be added in 
substrate material, it is desirable to adjust composition and the addition of an assistant into the substrate, into the 
substrate which constitutes the thin thick section at least in the case of the cavity substrate shown in drawin g 3 , 
drawing 4 , and drawing 5 , so that the material which is [ germanium dioxide / oxidization silicon boron oxide, a 
phosphorus oxide, ] easy to vitrify may not contain 1% of the weight or more. Because, when the aforementioned 
material which is easy to carry out vitrification contains in the substrate, it is because it is easy to produce a reaction at 
the time of heat treatment with piezo-electricity / electrostriction material and control of composition becomes difficult. 

[0035] By the way, for such a ceramic substrate, the surface roughness expressed with Ra in order [ which will be 
generated in there if it puts in another way ] to be distorted, and to receive stress effectively and to perform the reverse 
operation effectively, the operational characteristic of the piezo-electricity / electrostriction operation section formed on 
it and is 0.03-0.9 micrometers. It is adjusted so that it may become within the limits. Such surface roughness: 
Adjustment of Ra secures the intensity of a thin substrate upwards again, and is effective. 

[0036] And lower electrode layer predetermined to a such ceramic substrate top (4) Up electrode layer (6) And piezo- 
electricity / electrostriction film (5) It prepares and they are piezo-electricity / electrostriction operation section (2). In 
order to form, various kinds of well-known film formation technique is adopted suitably, for example, the thin film 
formation technique, such as the thick-film formation technique, such as screen-stencil, a spray, dipping, and an 
application, an ion beam, sputtering, vacuum deposition, ion plating, CVD, and plating, is chosen suitably. Especially, 
they are piezo-electricity / electrostriction film (5). In order to form, the thick-film formation technique by screen- 
stencil, the spray, dipping, application, etc. will be adopted suitably. Because, according to those thick-film formation 
technique, it is 0.01 micrometers or more of mean particle diameters. 5-micrometer less or equal is 0.05 micrometers or 
more preferably. It is because film formation can be carried out on a ceramic substrate using the paste and slurry which 
make a principal component the ceramic particle of piezo-electricity / electrostriction material 3 micrometers or less 
and a good element property is acquired. Moreover, pattern formation is carried out, using screen printing, the 
photolithography method, etc. as a configuration of such a film, and also pattern formation of the unnecessary portion 
may be removed and carried out using the machining methods, such as a laser process, and slicing, ultrasonic 
machining. 

[0037] In addition, even if the structure of an element and the configuration of film-like piezo-electricity / 
electrostriction operation section which are produced here are a special configuration which is not limited at all, and 
could adopt in any configurations according to the use, for example, combined circular [, such as polygons, such as a 
triangle and a square, a circle, an ellipse, and an annulus ring, ], the pectinate, the shape of a grid, and these, they do not 
interfere at all. 

[0038] Moreover, each film (4) by which did in this way and film formation was carried out by the above-mentioned 
method on the ceramic substrate, (5), and (6) After being heat-treated, and making it become a substrate and integral 
construction at every formation of each film and forming all films, it heat-treats simultaneously and each film may be 
made to be combined with a substrate in one simultaneously. Of course, even when you use these formation methods, 
piezo-electricity / electrostriction film disturbs and let the section and a ceramic substrate be imperfect integrated states 
by the method used in each aforementioned example. In addition, when forming an electrode layer by such film 
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formation technique, in order to unify, heat treatment may not necessarily be needed. For example, up electrode layer 
(6) Before forming, it is a lower electrode layer (4). Although the resin layer the case where an insulating resin etc. 
performs an insulating coat to the circumference of an element, and for preventing an open circuit of an up electrode 
layer which has been indicated to dr awing 1 etc. may be formed since insulation is ensured In this case, methods, such 
as the vacuum evaporationo and sputtering which do not need heat treatment, and **, are adopted as formation of an up 
electrode layer (6). 

[0039] Furthermore, generally as heat treatment temperature for considering as the configuration which curved to 
convex to the substrate side which unified the film and substrate which were formed in this way, and was shown in 
drawjngj4 , it is 900 **C-1400 degreeC. The temperature of a grade is adopted and it is 1000 degrees C-1400 degreeC 
preferably. The temperature of the range is chosen advantageously. Moreover, piezo-electricity / electrostriction film 
(5) When heat-treating, heat-treating is desirable, performing atmosphere control with the evaporation source of piezo- 
electricity / electrostriction material so that composition of piezo-electricity / electrostriction layer may not become 
unstable at the time of an elevated temperature. Moreover, piezo-electricity / electrostriction film (5) Laying a upwards 
suitable cover member and adopting the technique which the front face is not directly exposed by the firing 
environments, makes, and calcinates is also recommended. In this case, as a cover member, the thing of the same 
material system as a substrate will be used. 

[0040] In addition, the lower electrode layer (4) and up electrode layer (6) which constitute the piezo-electricity / 
electrostriction operation section produced by the above-mentioned method and as material, such as an auxiliary 
electrode (10) If it is the conductor which can bear the high-temperature-oxidation atmosphere about the 
aforementioned heat treatment temperature and burning temperature, it is not what is regulated especially. For example, 
even if you may be an alloy even if it is a metal simple substance, and it is the mixture of insulating ceramics, and a 
metal and an alloy, and it is conductive ceramics further, it does not interfere at all. But also in it, the electrode material 
which makes a principal component alloys, such as high-melting point noble-metals [, such as platinum, palladium and 
a rhodium, ] or silver-palladium, silver-platinum, and platinum-palladium, is used suitably more preferably, and the 
cermet material of platinum, substrate material, and piezoelectric material is [ it is still more desirable, the cermet 
material of platinum and ceramic substrate material is desirable still more desirable and ] desirable. Moreover, as a 
material added to an electrode, since glass, such as oxidization silicon, tends to become the cause of being easy to 
produce a reaction and reducing an actuator property during heat treatment with piezo-electricity / electrostriction film, 
it is desirable to avoid the use. In addition, as a substrate material made to add in an electrode, it is a 5 - 30 volume % 
grade and an one side piezoelectric material. It is desirable that it is a 5 - 20 volume % grade. 

[0041] and the electrode formed using such a conductor material — general — 20 micrometers or less — desirable — It 
will be formed in the thickness of 5 micrometers or less. 

[0042] moreover, as the piezo-electricity / an electrostriction material which constitutes piezo-electricity / 
electrostriction operation section If it is the material which shows the electric-field induction distortion of piezo- 
electricity or an electrostrictive effect, even if it may be adopted even if it is which material and is the material of a 
crystalline substance It may be an unnecessary material even if it does not interfere at all even if you may be an 
amorphous material, and it is a semiconductor material and is dielectric ceramic material and ferroelectric ceramic 
material, and it is the material which still needs polarization processing. 

[0043] but the material which makes PZT (PZT system) a principal component preferably as the piezo-electricity / an 
electrostriction material used for this invention, the material which makes a principal component magnesium niobic- 
acid lead (PMN system), the material which makes a principal component nickel niobic-acid lead (PNN system), the 
material which makes manganese niobic-acid lead a principal component, the material which makes antimony stannic- 
acid lead a principal component, the material which make zinc niobic-acid lead a principal component, and the material 
which make a lead titanate a principal component ~ such composite material etc. be used further Into the material 
mentioned above, in addition, a lanthanum, barium, niobium, zinc, a cerium, Cadmium, chromium, cobalt, antimony, 
iron, an yttrium, a tantalum, A tungsten, nickel, manganese, a lithium, strontium, calcium, Even if it adds a lanthanum 
to the material which made oxides, such as a bismuth, and other compounds of them contain as an additive, for 
example, the material which makes a PZT system a principal component, and it adds an above-mentioned additive to 
the aforementioned material suitably so that it may become a PLZT system, it does not interfere at all. In addition, you 
should avoid addition of glass material, such as oxidization silicon. It is because the control to desired piezo- 
electricity / electrostriction film composition becomes difficult and the variation of an actuator property and a fall are 
caused, in order that lead system piezo-electricity / electrostriction material, such as a PZT system, may tend to react 
with glass. 

[0044] The material which makes a principal component the component which consists of magnesium niobic-acid lead, 
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lead zirconate, and a lead titanate also in these piezo-electricity / electrostriction material, Or the material which makes 
a principal component the component which consists of nickel niobic-acid lead, magnesium niobic-acid lead, lead 
zirconate, and a lead titanate is desirable. Furthermore, the material which makes a principal component the component 
which consists of magnesium niobic-acid lead, lead zirconate, and a lead titanate also especially in it Since there are 
few especially reactions with the substrate material under the heat treatment, can press down low to the grade which 
does not affect the performance by which the integrated state of the buckling-of-track section and a ceramic substrate is 
needed for piezo-electricity / electrostriction operation section, and also The segregation of a component cannot occur 
easily and processing for maintaining composition may be performed suitably. It combines with having a high 
piezoelectric constant — the target composition and crystal structure are easy to be acquired — is used advantageously, 
and is recommended as a material in the case of forming piezo-electricity / electrostriction film by the thick-film 
formation technique, such as screen-stencil, a spray, dipping, and an application. In addition, although a piezo-electric 
property changes with composition of a component in the case of multicomponent system piezo-electricity / 
electrostriction material With 3 component system material of the magnesium niobic-acid lead-lead zirconate-lead 
titanate suitably adopted by this invention Composition near the phase boundary of pseudo-cubic-tetragonal-******** 
is desirable, especially Magnesium niobic-acid lead:15-mol % - 50-mol %, Lead zirconate: Ten-mol % and lead- 
titanate:30-mol % - 45-mol% of composition is advantageously adopted from having a high piezoelectric constant and 
a high electromechanical coupling coefficient. [ % - 45-mol ] 

[0045] in addition — as the thickness of the piezo-electricity / electrostriction operation section which consists of the 
electrode layers, and the piezo-electricity / electrostriction films which are formed by carrying out like the above — 
general — 100 in order to be carried out to below mum and to obtain a big variation rate etc. by low operating potential 
as thickness of piezo-electricity / electrostriction film — desirable — 50 micrometers or less — further — desirable — It is 
desirable to be referred to as 3 micrometers or more 40 micrometers or less. 

[0046] Moreover, although a thing [ need / to be polarization processed / in the aforementioned piezo-electricity / 
electrostriction material ] is used, as for a case, generally, it is desirable in the element of the type of the uni-morph or 
bimorph using the transversal effect of electric-field induction distortion, in the case of an element of a membrane type 
like this application, although voltage is impressed to vertical inter-electrode one and polarization processing is 
performed to polarize an up electrode layer as plus. The piezo-electricity / electrostriction film formed so that this 
application might be followed are because the domain or orientation of a direction which meets in the direction of 
polarization is easy to be formed and polarization is effectively made, before the stress from a substrate etc. performs 
polarization processing (voltage impression processing) at the time of the sintering (at the time of heat treatment). 
[0047] The amount of displacement of the element by this application which has the element by which the buckling-of- 
track section of the piezo-electricity / electrostriction film which covered the lower electrode layer to Table 1, and was 
jutted out over it to up to the ceramic substrate is combined with the ceramic substrate with heat treatment, and the 
buckling-of-track section and a ceramic substrate in an imperfect integrated state is shown. 
[Table 1] 
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In addition, element structure was made into the same structure as what was shown in drawing 3 , used the material 
which consists of magnesium niobic-acid lead, lead zirconate, and a lead titanate for piezo-electricity / electrostriction 
material, and used the alumina for substrate material 96% as the zirconium oxide which carried out partial stabilization 
by the yttrium oxide, and an example of comparison. Moreover, the thickness of a diaphragm is 10 micrometers. The 
size of the thin thick section of a substrate is 0.8mm x3mm. On this 30-micrometer the piezo-electricity / 
electrostriction film, and 0.1 which consist of a 5-micrometer platinum lower electrode and said material Cu/Cr of mum 
The up electrode is formed in layers. Of course, piezo-electricity / electrostriction film is formed so that a lower 
electrode layer may be covered. 

[0048] A bond strength is the buckling-of-track section (11) and a ceramic substrate (3). An integrated state is shown, 
the ceramic substrate of the same material as the element-ized material, and piezo-electricity / electrostriction material 
were used, and the sample for bond-strength measurement was created and evaluated. On the ceramic substrate, 
directly, the sample for bond-strength measurement formed piezo-electricity / electrostriction film so that it might 
become the thickness of 30 micrometers in the area of 2 (2mm angle) 4mm. Then, the L type lead wire for Peel on-the- 
strength measurement of 0.8mm phi of annealed copper material was pasted up on piezo-electricity / electrostriction 
film front face, the tension tester pulled this lead wire at the rate of 20 mm/min, and the value which the bond part of 
piezo-electricity / electrostriction film, and a ceramic substrate destroys was evaluated. As compared with the examples 
1 and 2 of comparison, it is the effect that the element of the structure by this application has the buckling-of-track 
section of piezo-electricity / electrostriction film in a substrate and an imperfect integrated state, and it turns out that the 
big variation rate is shown so that clearly from this result. 

[0049] In addition, this invention can add change, correction, and improvement, unless it is not limited to each above- 
mentioned example and deviates from the range of this invention. 
[0050] 

[Effect of the Invention] If the piezo-electricity / electrostriction membrane type element of this invention are used, 
since the short circuit of an up electrode layer and a lower electrode layer can be prevented easily, productive efficiency 
improves. Moreover, an element can demonstrate enough the performance which it originally has by making the 
buckling-of-track section and the ceramic substrate of piezo-electricity / electrostriction film into an imperfect 
integrated state. The demand of the field by which the big variation rate and big high-speed responsibility of an element 
are especially made indispensable can be met enough. Furthermore, high integration is also possible, without spoiling 
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[Translation done.] 
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